Identification and characterization of two enhancers of the human albumin gene.
A 12.5-kilobase pair (kb) segment upstream of the human albumin gene was analyzed for transcription enhancing activity using transient transfection analysis, gel mobility shift assays, DNase I footprinting, and site-specific mutagenesis. Two enhancer regions were identified, one 1.7 kb upstream of the transcription initiation site (E1.7) and the other 6 kb upstream (E6). In E1.7, a nuclear protein from HuH-7 hepatoma cells binds to an AT-rich sequence, GTTACTAATTGAC. Competition gel mobility shift assays suggested that this protein is HNF-1, which regulates the promoter of the albumin gene and several other liver-specific genes. A 60-base pair E1.7 fragment carrying the AT-rich sequence stimulates a heterologous (alpha-fetoprotein) promoter in a dose-dependent manner. In E6, a HuH-7 nuclear protein binds to a GT-rich sequence, TGTTTGGC.A 27-base pair E6 fragment carrying this sequence is able to stimulate the SV40 promoter in an orientation-independent manner. An alteration of this sequence by site-specific mutagenesis resulted in the loss of transcriptional activity as well as binding to the HuH-7 nuclear protein. Competition gel mobility shift assays showed that homologous elements exist in the albumin promoter. These results show that the promoter and enhancer of the human albumin gene are regulated by two common transcription factors through two shared cis-acting elements, one AT-rich and the other GT-rich.